Background and Aims: Histological remission and low faecal calprotectin are positive prognostic factors in ulcerative colitis [UC]. Intramucosal calprotectin [iMC], which can be readily determined by immunohistochemistry, has not so far been evaluated as a predictor of outcome in UC. We aimed to investigate the relationship between iMC and clinical, endoscopic, and histological measures of remission in UC, and the independent prognostic value of iMC. Methods: Ambulant patients with UC were recruited for a study comparing clinical activity indices. Sigmoidoscopy and biopsy were performed at the index visit. Clinical, endoscopic, and histological activity were scored and iMC semi-quantitatively measured using immunohistochemistry for the S100A8/9 heterodimer on colonic biopsies, scored as the mean number of positive cells in five high-power fields [HPF]. At the end of follow-up [6 years], data on steroid use, hospitalisation, and colectomy ['adverse outcomes'] were collected. 58, 7.15, p < 0.001). Only 53%, 33%, and 25% of patients in histological remission with iMC > 5 cells/HPF avoided an adverse outcome after 1, 3, and 6 years, respectively. Conclusions: iMC was lowest in patients with concordant clinical, endoscopic, and histological remission. Median iMC > 5/HPF was associated with adverse outcomes despite histological remission. Therefore iMC is a potentially useful independent marker of activity.
disease [IBD] should aim for this endpoint. [2] [3] [4] [5] [6] The rationale for aspiring to histological remission includes evidence demonstrating an association with lower colectomy rates, reduced risk of hospitalisation, and reduced risk of colorectal cancer. [5] [6] [7] [8] [9] [10] Histological remission has, at its simplest, been defined as an absence of crypt neutrophil infiltration, 5, 11 although the absence of visible neutrophil infiltration does not necessarily equate to the absence of inflammatory activity.
Calprotectin, variously known as L1 protein, myeloid related protein 8/14, calgranulin, cystic fibrosis antigen, and myeloid/histiocyte antigen, 12 is a major product of neutrophils and can comprise approximately 50% of the total cytosolic protein content. Although the function of calprotectin remains unknown, it has been classified as an alarmin, which is an endogenous molecule released in response to tissue damage. It is released by neutrophils and monocytes in the circulation and those that have migrated into tissues. It is also produced by some tissue macrophages and tissue eosinophils. 13 Calprotectin may also be an endogenous ligand for toll-like receptor 4 [TLR 4] and have antimicrobial properties, as well as promoting endothelial activation and transcription of pro-inflammatory cytokines. Despite the potential production of calprotectin by cells other than neutrophils, immunohistochemical staining has been shown to correlate with neutrophil infiltration. [14] [15] [16] [17] [18] Therefore immunohistochemical staining for intramucosal calprotectin [iMC] could augment histological assessment of disease activity in UC.
Assaying faecal calprotectin levels, presumed to reflect infiltration by neutrophils in inflamed intestinal tissue, is widely used in clinical trials and in clinical practice, partly because lower faecal calprotectin levels are associated with reduced risk of relapse. [19] [20] [21] [22] [23] However, the correlation of faecal calprotectin with endoscopic findings varies greatly and is related to the clinical context, [24] [25] [26] [27] [28] and levels also vary widely between individuals. 29, 30 The potential role of iMC as an adjunct to measuring faecal calprotectin has so far not been evaluated, although there is potential for lower inter-and intra-individual variation with an assay that quantifies the biomarker at source in the colonic mucosa. The potential role of iMC for defining remission or predicting outcome has not been explored. Therefore, in this study we aimed to examine how iMC varies in a cohort of patients with UC and a spectrum of disease activity, and to explore a potential role for predicting disease outcomes and defining remission.
Materials and Methods

Study design and patient population
In 2007, at a single university teaching hospital clinic with a large IBD practice, ambulant patients with varying states of UC activity were recruited for a study comparing disease activity indices. 31 All had flexible sigmoidoscopy and mucosal biopsies performed by a single operator at the index visit, according to a defined protocol. Mucosal biopsies were taken from the rectum and/or sigmoid colon, or areas of visible inflammation. Clinical, endoscopic, and histological activities were scored by the Simple Clinical Colitis Activity Index [SCCAI], 32 Baron endoscopy score, 33 and Truelove and Richards' histopathology index, 34 respectively. An experienced IBD specialist gastroenterologist who reviewed patients at the initial visit calculated the SCCAI. Another experienced IBD specialist, blinded to patient identity and clinical score, independently evaluated flexible sigmoidoscopy videos without knowledge of clinical information, to determine the Baron score.
An experienced gastrointestinal histopathologist who was blinded to clinical and endoscopic scores performed histological scoring of biopsies. The clinical, endoscopic, and histological indices were selected because, unlike composite indices such as the Mayo Clinic index, they separate clinical, endoscopic, and histological components. Additionally, the scores could be divided into four strata: quiescent; mild; moderate; and severe. Furthermore, it represented established clinical practice at our centre at that time.
Information on clinical outcomes was collected in 2014 by review of clinical record and data on steroid use, hospitalisation, and colectomy. 5 Of the original cohort of patients, only those with colonic biopsies judged sufficient for immunohistochemistry were included in this study. Control specimens for iMC were taken from histologically normal colonic mucosa included in surgical resection specimens of distal colorectal tumours.
Ethical approval for recording, collating, evaluating, and subsequently analysing clinical, endoscopic, and histological data was obtained from the activity indices' study [ 
Definitions
Remission: SCCAI ≤ 2 was used to define clinical remission. 35 The SCCAI ranges from 0-19, with a score of 3-5 being consistent with mild activity, 6-9 with moderate activity, and 10-19 with severe activity. 31, 36 A Baron score of 0-1 was defined as endoscopic remission. A Baron score of 2 represents moderate activity, and 3 represents severe activity.
A histological report of 'no significant inflammation' was defined as histological remission. The Truelove and Richards index is categorised into 'no significant inflammation', 'mild to moderate inflammation', and 'severe inflammation'. In the original study clinical details, sigmoidoscopy findings, and histological state were all classified into these three groups, potentially to align with each other. Criteria established for a positive intramucosal calprotectin [iMC] stain were granular cytoplasmic staining associated with clear nuclear counterstain 37 ( Figure 1a and b). To avoid scoring artefactual staining, the presence of cytoplasmic staining without a clear associated cell nucleus was discounted. The mean number of calprotectin-positive cells in five high-power fields [HPF] was counted to determine the iMC score [count/HPF].
Immunohistochemistry for intramucosal calprotectin [iMC]
Formalin-fixed, paraffin-embedded blocks of colonic tissue were retrieved from the department of cellular pathology. Serial sections [4 μm] were cut and mounted on glass slides.
Slides were placed in a 60°C oven for 1 h before de-paraffinisation by incubation in Histoclear solution [National Diagnostics]. The slides were then rehydrated by immersion in graded ethanol solutions.
The sections were stained for the S100A8/9 heterodimer by incubating for 30 min with the primary antibody, monoclonal mouse anti-human myeloid/histiocyte antigen clone MAC387 
Staining for neutrophils
Identical slides of the biopsies stained for iMC were stained with a Naphthol AS-D Chloroactetate-specific esterase [SPE] kit [Sigma Aldrich] according to the product information.
Quantification of iMC
Sections were scanned and coded before analysis and investigators blinded to clinical information. Five hig-power fields [HPF] of the biopsy from the most affected segment with the highest iMC score were examined independently by two authors [MG, LMW], to determine the mean number of calprotectin-positive cells per high-power field, according to criteria described above.
Statistical analysis
Continuous variables were summarised by mean and standard deviation if normally distributed, or the median and interquartile range if not normally distributed. The Mann-Whitney U-test for discontinuous, normally distributed variables was used to compare iMC expression between UC patients and controls. The Kruskal-Wallis test was used to compare iMC between the four variants of remission [clinical, endoscopic, histological, and mucosal biomarker]. Correlations between iMC and clinical, endoscopic, and histological disease activity indices were evaluated using Pearson correlation. SCCAI and iMC were analysed on a logarithmic scale, due to the skewed distribution. Cox regression with Bonferroni correction for multiple comparisons was used to assess the relationship between iMC and steroid use, hospitalisation, and colectomy. Probability [p] values of less than 0.05 were regarded as significant. To accommodate the skewed distribution of iMC score, median iMC values were categorised into three categories to give approximately three equal-sized groups [≤ 5, 6-50, > 50/HPF]. Similarly, specific esterase counts were categorised into three evenly distributed groups: ≤ 10/HPF, 11-50/HPF, and > 50/HPF
Results
Patient demographics
Of the original 100 patients recruited for the activity indices study, outcomes with regard to steroid use, hospitalization, and colectomy of 91 patients were available in 2014. 5 Sufficient tissue from mucosal biopsies taken at the index flexible sigmoidoscopy in 2007 was available for immunohistochemistry to quantify iMC in conjunction with clinical outcomes in 83 patients. Immunohistochemistry to quantify iMC was performed on 372 colorectal biopsies from patients with UC and 20 controls with histologically normal mucosa from surgically resected, distal colorectal tumours. Patient demographics are reported in Table 1 . 
iMC expression and disease activity
Median iMC positively correlated with all three activity scores: clinical, endoscopic, and histological activity indices [p < 0.001]. Higher counts of iMC were associated with higher disease activity scores [ Figure 2 , Table 2 ]. Overall, there was no statistical difference between a set of biopsies from healthy controls and the entire cohort of patients with UC [p = 0.29], of whom 18% had entirely normal histology, 33% had 'no significant inflammation', and 30% had only 'mild to moderate inflammation'.
iMC and remission
iMC expression in patients with UC was evaluated, based on whether they were in remission by the three conventional definitions of remission [clinical, endoscopic, histological, 
iMC and clinical, endoscopic, and histological criteria for remission correlated with any adverse outcome [ Table 4 ]. Maintenance therapy, all types of remission, and iMC were significantly and inversely associated with the time to an adverse outcome. In multivariable analysis, disease duration, maintenance therapy, and iMC remained significantly inversely associated with time to an adverse event. The risk of an adverse outcome was almost four times higher in the iMC 6-50/HPF and > 50/HPF group compared with the lowest iMC group [≤ 5/HPF] [ Figure 3 ]. The Kaplan-Meier curve illustrates that 36%, 25%, and 14% of the total cohort with a median iMC > 5 were free of an adverse outcome at 12, 36, and 72 months, respectively, compared with 79%, 70%, 66% in those with an iMC < 5/HPF [ Figure 3 ].
Patients in histological remission: iMC and disease outcomes
In the histological remission group, 74% of patients had no adverse outcome after 1 year and this fell to 55% at 6 years. The KaplanMeier plot illustrates the effect of iMC on time to adverse outcome in patients with histological remission [ Figure 4 ]; 53%, 33%, and 25% of those with a median iMC > 5/HPF were free of an adverse outcome at 12, 36, and 72 months, respectively, compared with 85%, 77%, and 72% of those with an iMC < 5/HPF [ Figure 4 ]. The patients in histological remission with an iMC < 5/HPF had the best outcome, with 72% free from an adverse event at 6 years.
In the histological remission group, men had a lower risk than women for an adverse outcome, although this may reflect small numbers. On the other hand, a higher iMC was associated with a higher risk of adverse outcome [ 
Discussion
A principal aim of this study was to determine the prognostic value of iMC in patients with UC. Our results show that a median iMC > 5/HPF was independently associated with worse outcome [corticosteroid use, hospitalisation, or colectomy during 6 years of followup] both in the total cohort [HR 3.36 In patients with histological remission and a median iMC > 5/HPF, 53%, 33%, and 25%, respectively, were free of an adverse outcome at 12, 36 and 72 months compared with 85%, 77%, 72%, with an iMC < 5/HPF. The subgroup of patients with histological remission and an iMC ≤ 5/HPF had the best outcome, with 72% free from an adverse outcome at 5 years. Similarly in patients with all three remissions, iMC > 5/HPF was associated with a trend to adverse outcome, and in a multivariable analysis iMC was significantly associated with adverse outcome iMC > 5/HPF [HR 4.85, 1.12, 20.9, p = 0.03]. These data support a potential role for mucosal calprotectin in defining remission and stratifying those in histological remission who are at risk of disease progression. Histological remission has been proposed as a critical therapeutic endpoint of UC treatment, in the light of growing evidence that it is associated with improved clinical outcomes. 2, 5, 8, 9, 11, 36, [38] [39] [40] [41] [42] However, until recently, histological remission was not typically used as an endpoint partly because of a lack of a well-validated scoring system and a lack of consensus about definitions. Recent work however, may alter this situation. 35 Even with the use of a quantitative score for histological activity, there is much inter-and intra-observer variation. 5 A recent study comparing the predictive value of faecal calprotectin measurement and histological scoring in UC found that calprotectin measurement performed better. 43 Therefore a simple immunohistochemical score for calprotectin may prove more reliable and robust, either by itself or as an adjunct to histological scoring. Although iMC expression has previously been described in a small number of studies, there are few data in UC. 14, [16] [17] [18] [44] [45] [46] [47] No previous studies have examined its role in defining remission or as a predictor of the clinical course of UC.
A study from Chicago of 310 patients with UC in clinical remission reported that patients with complete histological normalisation [CHN] had better clinical outcomes than those with histological activity or histological quiescence. Only CHN was associated with an improved clinical relapse free survival. 48 iMC may therefore have a potential role in defining histological remission [i.e. lack of microscopic disease activity] and possibly CHN, provided that iMC scoring can be validated by further studies in IBD and non-IBD samples.
iMC correlated positively with all of the three commonly assessed activity scores: clinical, endoscopic, and histological. It also correlated with each definition of remission, which is the first time this has been demonstrated in UC. For each type of remission, patients in remission had significantly lower iMC values compared with patients not in remission.
Furthermore, median iMC correlated with the depth of remission, being lowest in patients with concordance for clinical, endoscopic, and histological remission. The median iMC decreased stepwise as patients were classified as being in remission according to each of the three categories: clinical, endoscopic, or histological. The median iMC was 61.6/HPF for those without remission, compared with a median iMC of 2.4/HPF for patients in remission by all three measures [p < 0.001]. This suggests a potential role for iMC as a marker of the 'depth' of remission. We have previously shown that histologically defined remission, especially when concordant with endoscopic and clinical measures, predicts a better outcome in the group of patients described here, and was associated with a 5-fold reduction in oral steroid use over a median of 6 years 29 months. 5 This study suggests that iMC could add particular value in defining remission for those patients where there is discordance on other measures, such as endoscopic, clinical, and histological remission. In this cohort, 45% of those meeting endoscopic remission criteria had abnormal histology and an iMC > 5 /HPF. Similarly, 36% of those in histological remission had an iMC > 5/HPF. This discordance underscores the need for a more reliable and reproducible measure of microscopic disease activity.
The results demonstrate that mucosal calprotectin is readily detected using commercially available reagents on paraffin-embedded, formalin-fixed specimens, and that the pattern of staining, which delineates individual reactive cells, can be quantified. The counting is amenable to automated counting using image analysis software. In the context of clinical trials, where iMC staining may provide particular insight into mucosal disease activity, the stained sections, which could be scanned and stored electronically, provide an archivable record subject to independent audit and validation.
Examples of clinical scenarios where iMC may be useful include when a patient undergoes a colonoscopy with biopsies during assessment before change of therapy. Patients with an IMC < 5/HPF may have better outcomes than those with > 5/HPF even if in histological remission. This might aid a decision to stop biological or immunomodulatory therapy. Patients may be reluctant to provide stool samples for disease assessment and iMC may be useful in this scenario. Similarly, in patients undergoing surveillance colonoscopy, iMC may be a candidate prognostic marker for future neoplasia, since neoplasia is closely linked to inflammation in UC. 49 The limitations of this study are that it is retrospective, with a small sample size of controls and patients with UC. There may be both selection and survival bias, as this study is based on patients from a tertiary referral centre. Faecal calprotectin was also not routinely incorporated into clinical practice at the time of this study, and therefore iMC may not be correlated with this measure. This study merits further validation by prospective studies on iMC, comparing iMC with faecal calprotectin levels, and with a larger sample size to evaluate of inter-and intra-observer agreement, as well as to establish appropriate thresholds for iMC in patients with and without UC. 
